In some Florida thunderstorms cells, impulsive VHF radiation from lightning channels begin abruptly in a layer that is typically 3-6 km in diameter, 1-3 km tall, and initially located just above the freezing level. In 208 cases described here, 58% of the lightning bubbles ascended with a velocity 11-17 m/s. Of the 1060 one-hour periods with lightning that were examined, approximately 10% had one or more ascending concentrations of lightning activity. Often in summer, as one region ascended, a new lightning bubble would abruptly begin near the freezing level. This subsequent region would be horizontally displaced a kilometer or two from the starting point of the previous region. In winter, no more than one ascending region was seen in any one storm. The duration of each bubble is about several minutes, which is difficult to be observed by the conventional radar. The high scanning doppler radar is being developed. The full analysis of the behavior is described in Ushio et al. [2003].
Introduction
It is well known that most lightning occurs near the updrafts in thunderstorm. Proctor [1981] observed a tendency for lightning to hug the 20 dBZ reflectivity contour but avoid regions of high reflectivity. MacGorman et al. [1983] and Ray et al. [1987] observed that while one end of intracloud channels tended to occur near, but not in, regions of strong updraft, other end usually was located downwind. Lhemitte et al. [1979] and Lhermitte et al. [1985] observed a vertical correlation; the altitude of the upper part of the lightning channels rose as the top of newly forming turrets rose.
In this study, we investigate the vertical correlation between lightning activity observed by the LDAR system and the storm growth by the Radar in Melbourne. Lhermitte et al. [1979] and Lhermitte et al. [1985] showed a concentration of lightning channel locations in a layer two kilometers thick. That layer initially extended from one to three kilometers above the freezing level. Over the next six minutes, the region of concentrated lightning channel locations remained approximately the same size, but rose three kilometers, to its final position extending from 4 km to 6 km above the freezing level. This was followed a minute later by another, not quite so well defined layer rising at a slightly greater velocity. To avoid frequently writing out the lengthy phrase "rapidly rising centers of lightning activity", this phenomenon will be called "lightning bubbles" in the rest of this paper.
Bubbles are not always seen in every thunderstorm. At present, we don't know how thunderstorms that produce lightning bubbles differ from those that do not. In this study, size, duration, and ascent velocity of lightning bubbles are presented from analysis of one year LDAR data sets.
Observations
In this study, we examine a vertical correlation between lightning activity and storm development. The instruments used here are the Lightning Detection and Ranging (LDAR) system and the National Weather Service (NWS) WSR-88D radar.
A. Lightning Detection and Ranging (LDAR) The Lightning Detection and Ranging (LDAR) system is used in operations at the Kennedy Space Center in Florida to determine the location of lightning discharge process that emit VHF radiation pulses inside clouds. It does this by first detecting the time of arrival (TOA) of a VHF pulse at widely separated stations and then using the differences in measured arrival times between pairs of stations to compute the location of the VHF source. LDAR makes it possible to study the structure and development of lightning discharge inside storms with a high degree of spatial and temporal resolution. Temporal resolution is 80 microseconds.
B. National Weather Service (NWS)'s radar in Melbourne, Florida The data from the United States National Weather Service's WSR-88D radar in Melbourne, Florida, known as the Next Generation Radar (NEXRAD) system, is used for the analysis in this study. The radar operates at S band and measures reflectivity (Z) in a volume of scan. A volume scan consists of 360 degree azimuthal sweeps at a series of elevation angles. The number of volume scans per hour is roughly ten. The antenna completes a volume scan every 6 minutes.
Results and Discussions
From January 1, 1998 through December 31, 1998, LDAR system recorded 1060 one hour periods containing LDAR radiation sources. Of these one hour periods, 111 about one in ten, include easily visible lightning bubbles. A lightning bubble, the rising maxima of VHF source density detected by LDAR, typically began just above the freezing level, then rose 5 or more kilometers with a velocity of 10-20 m/s. e was a minimum in lightning activity at a height of roughly 7-8 km, and the lightning bubbles rose from just above this gap throughout the period as shown along the line drawn by hand. After the first two lightning bubbles, at least three more distinct bubbles occurred during the next ten minutes, the last one beginning at 21:47 UT. In the format of plan projection, these lightning bubbles occur along the north-south line, though these are not shown in this report. The horizontal diameter of individual lightning bubbles was 3-6 km, and the vertical thickness, 1-3 km. When lightning bubbles occurred in rapid succession, the starting position of the new bubble tended to be displaced horizontally from the starting position of the previous bubble, with only 1-2 km between the outer boundaries of the two bubbles. The behaviors of lightning bubbles are illustrated in Figure 2 .
A 2-km thick upper layer of VHF source ally, this upper layer began with a lightning bubble pushing up to a high altitude and then continuing to be active.
To show period shown in Figure 1 ) are presented in two types of plots. The first (Fig. 3) shows the north coordinate of lightning channels versus time, and the second (Fig. 4) shows the height of lightning channels versus time. In both, the channel locations for a single flash occur at essentially the same time (horizontal axis) on this scale, and so are distributed along a single vertical line. The two bubbles each began as a new concentration of lightning channels on the southern end of line, one beginning around 21:35:14 UT at north = -6 to -9 km and height = 8 to 11 km. Each concentration rose with time until its top reached a height of roughly 15 km. The second lightning bubble began while the first bubble was still rising.
In Figure 5 , histogram of the velocity of lightning bubbles is shown. 58% of the lightn pward velocity of 11-17 m/s. The velocities of bubbles occurring in the same hour tended to be more similar than in the overall population. While the overall population had a standard deviation of 4 m/s, 49 of 56 one-hour periods having more than two bubbles had a standard deviation less than 4 m/s. This might be expected, because bubbles occurring within the same hour often occurred close together in space and time and so tended to occur in similar environments.
Though this paper does not examine radar d ends their study by examining LDAR data from 1060 one-hour periods to determine how fast the bubbles rise and to estimate how commonly they occur.
Would it be governed by the location of the divergence zone at the t ude with appreciable precipitation, or by the height of a particular rising parcel of air? If lightning bubbles actually trace updraft in some manner, do successive bubbles, which are able to begin within a couple of minutes and 1-2 kilometers of each other, represent successive pulses in the updraft itself? These issues will be difficult to address, because each bubble has a lifetime of only 5 minutes and spans only a few kilometers in height. Thus, radar observations would need to be highly focused on the region of interest and would require fast real-time coordination with lightning observations. Furthermore, because the largest particles in the top of an updraft can be small cloud particles that are not detected well by S-band radars, dual wavelength radars that include a shorter wavelength may be useful for this investigation. 
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